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The pattern of growth 1s a key aspect in the life 
history of any species (Andrews, 1982; Lemos-Espina1 
and Ballinger, 1995a). Growth rates determine, among 
other imyortant attributes, the length and age reached 
at sexual maturity and maximum body size (Barbault, 
1975; Andrews, 1976; Van Devender, 1978; Kaufmann, 
1981; Parker, 1994; Smith and Ballinger, 1994). Body 
size, in many reptiles, determines crucial reproductive 
characteristics such as reproductive effort and clutch 
size (Barbault, 1974; 1981), as well as competitive suc- 
cess for space and food (Fox, 1983; Tokarz, 1985). 
Thus, the study of growth patterns can help to un- 
derstand the structure, dynamics, and dernography of 

Lizard populations (Barbault, 1975, 1981; Van Deven- 
der, 1978; Lernos-Espinal and Ballinger, 1995 a). 

Sceloporus grammicus is a small (54 to 72 mm SVL) 
viviparous lizard, distributed throughout most of 
Mexico frorn sea leve1 to high mountain conditions. 
Along its range this species exhibits extensive varia- 
tion in meristic and morphometric characteristics, as 
well as in heterozygosity values and genic polymor- 
phism (Hall and Selander, 1973; Sites, 1980). Sceloporus 
grammicus is in the auturnn breeding viviparous liz- 
ard group (Guillette and Casas-Andreu, 1980), with 
one litter per year and parturition occurring during 
April, May, or June (Ortega and Barbault, 1984). 

However, although S. grammicus is an abundant and 
widespread lizard (Smith, 1939), there are relatively 
few studies concerning this animal. Most of these 
studies are of a taxonomic nature (Hall, 1973; White, 
1978; Sites 1980,1983) or concern reproduction (Axtell 
and Axtell, 1970; Guillette and Casas-Andreu, 1980, 
1981; Guillette and Sullivan, 1981; Reed and Cites, 
1995). There are relatively few works dealing with 
ecological aspects of this lizard (Lemos-Espinal and 
Ballinger 1992, 1995b), and only one on the growth 
patterns (Lemos-Espina1 and Ballinger, 1995a). 

The study site, La Michilía Biosphere Reserve, is in 
southern Durango, México, between 104"201 and 
104"07'W and 23"201 and 23"301N. The vegetation is 
typically an oak-pine forest but highly diversified, 
with 207 plant species, including 18 species of Qucr- 
cus, and 10 species of Pinus (Martínez and Saldíwr, 
1978). The climate exhibits a mean amual tempera- 
ture range between 17.4 C and 20.7 C and a mean 
annual precipitation of 567 mm, with most of the rain 
concentrated in the summer. At La Michilía, summer 
is hurnid and hot and winter is cold and dry (Martí- 
nez and Saldívar, 1978). 

A study plot of 50 X 1 000 m was marked with 
stakes every 10 m, and censuses were made over four 
years during September and December 1979, March, 
May, and Septernber 1980, each month of 1981, and 
March, May, and September of 1982. Each of these 20 
censuses Iasted 15 d. Each day, the transect was 
walked by three persons for 4 to 7 h in search for 
lizards. For each lizard we observed we recorded the 
date, the hour, its sex, its location in relation to the 
nearest stake, and then captured the lizard by hand. 

We recorded the following data; SVL and tail length 
to the nearest 0.1 mm with a caliper and body mass 
to the nearest 0.1 g with a Pesola spring balance. Cap- 
tured individuals were marked individually both by 
toe clipping and by paint code (Tinkle, 1967). The age 
classes were determined through mark-recapture 
methods (Ortega, 1986). Juveniles were individuals 
1 3  mo of age, subadults were individuals between 3 
and 5 mo, adults 1 were individuals reaching sexual 
maturity from 5 to 12 mo, and Adults 11 were indi- 
vidual~ older than one year. 

Using the size differences between capture and re- 
capture of a particular individual, the Instantaneous 
Growth Rate (IGR) was calculated using the formula 
of Barbault (1973): final SVL - initial SVLInumber of 
days between captures. Only individuals with recap- 
ture intervals <90 and >30 d were used in parameter 
analyses. Analysis of covariance (ANCOVA; Cokal and 
Rohlf, 1969) with initial SVL as the covariate and sea- 
son, size class, and cex as factors was used to analyze 
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the influence of body size on IGR. Adjusted means 
were tested with the Student-Newman-Keuls (SNK) 
Post Hoc Test (Sokal and Rohlf, 1969). 

IGR data were adjusted to the differential equations 
of the curves and models most frequently used to de- 
scribe animal growth. For this purpose, we calculated 
the size incre,ase per day percentage, alco called Rel- 
ative Growth Rate (RGR), using the method of Kauf- 
mann (1981): in final SVL - in initial SVL/number 
of days between captures. RGR values were plotted 
against the geometric means (S) of the individual 
body size, S (S = (S,.S,)K). 

If the plotted data yields a straight line using semi- 
log paper, a Gompertz curve can be used to describe 
the observed data pattern (Kaufmann, 1981). If a 
straight line is obtained using logarithmic paper, then 
a potency curve must be used and, if a straight line 
is obtained with linear graph paper, then the logistic 
or the Bertalanffy curves can be used (Bertalanffy, 
1957, 1960; Kaufmann, 1981). It is possible to calculate 
the linear regression for the plotted data, and calcu- 
lating the origin and the slope establishes the differ- 
ential equation that defines the pattern observed. 

A total of 142 recaptures on 106 individuals were 
made during the four years of study. Individual data 
are grouped by season, sex, and age class in Table 1. 
IGR diminished drastically as the organisms grew. Ju- 
veniles grew much more quickly than subadults and 
adults (F.,,,, = 1544.26; P < 0.001), subadults grew 
more quickly than adults, and adults 1 grew faster 
than adults II (al1 P < 0.05, SNK Post Hoc Test). In 
the younger age classes, adult males grew more quick- 
ly than females (F ,,,,,, = 19.27; P < 0.01). Among the 
older classes, lGRs were practically equal for males 
and females. lncluding juveniles and subadults in the 
analysis, S. gruniiiricus grew faster during spring and 
summer (F,,,,, = 457.57; P < 0.001), because juvenile 
hatchling occurs at the end of the spring. However, 
taking into account only adults 1, where it is possible 
to make comparisons among seasons, we found a sig- 
nificantly quicker growth during summer and autumn 
(F,,, = 196.54; P < 0.001) as compared with the adult 
1 growth durong the spring and the winter (P < 0.05; 
SNK Post Hoc Tests). For adults 11, we observed sig- 
nificantly quicker growth during summer and autumn 
(F,,,,, = 34.96; P i 0.001) as compared with the spring, 
with the winter having the lowest values (P < 0.05; 
SNK Post Hoc Tests). 

The RGR data and the geometric meaii of the in- 
dividual body size for each individual recaptured 
were plotted on seinilog, log, and linear paper. There 
was a good fit both with the semilog and linear plots. 
We found the best fit for the linear plot, where Y = 
0.4046 x -0.i30698; r = 0.81; P < 0.05. Thus, the Ber- 
talanffy growtli ciirve best fits the S. grcirriniicus 
growth data. 

I'reviously, i t  liad bt,eii reported that for small and 
short-livcd lizards, the bcst model fitted is the logistic 
one (l'inklc 1'467; Uunhani, 1978; Aiidrews, 1982). The 
growth pattcrns of larger reptiles with longer life 
spans usually follow the Bertalanffy mcidel (Wilbur, 
1975; Webb et al., 1978; Chabreck and Joanen, 1979). 
tiowever, the growth pattern of S. gniriiniicus at La 
Michilía follows the Bertalanffy model, i.e., maximum 
growth rates are rrachcd in the youiiger agr classcs 
and thest, ratcs ciecrease as the size increases. Our re- 
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sults are ccjnsistent with those obtained for many 0th- months, but the reninant matured at 17 mo. However, 
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